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Abstract
This PhD thesis is about some models of Grand Unification in Particle Physics. The main
idea of Grand Unification is that the gauge group of the Standard Model - SU(3)c⊕SU(2)L⊕
U(1)Y can be embedded into larger simple group like SU(5) or SO(10) and all gauge fields
of the Standard Model can be embedded into representations of this group. The neces-
sary condition that has to be satisfied in every GUT (Grand Unification Theory) is the
unification of gauge coupling constants of the Standard Model gauge group into one gauge
coupling constant of the (simple) GUT gauge group. In this thesis, we consider the RGE
(Renormalization Group Equation) running and unification of gauge coupling constants of
the Standard Model in some of its extensions that can be embedded into some GUT theories.
In the first part of the thesis, we consider some supersymmetric models with flavor
symmetry that could explain the hierarchy of the fermion masses and elements of the CKM
matrix. The flavor symmetry, which is usually U(1), U(1)2, SU(2) or SU(3), has to be
spontaneously broken by VEVs (Vacuum Expectation Values) of special fields that are called
flavons. The UV-completion of a (non-renormalizable) theory with flavons contain another
fields that are called flavor messengers. These fields, in contrast to flavons, are charged
under the Standard Model gauge group, so they have influence on the RGE running of
gauge coupling constants. We investigate this influence under assumptions of perturbativity
and unification of gauge coupling constants in flavor models, which can be embedded into
supersymmetric GUT theories based on SU(5) gauge group. In all considered models, there
are flavor messengers that are under many aspects similar to Higgs fieldsHu andHd from the
MSSM (Minimal Supersymmetric Standard Model): they have the same charges under the
Standard Model gauge group, they are embeddable into pentaplets (5) and anti-pentaplets
(5) of SU(5) and they couple in a similar way to Standard Model fermions through the
Yukawa couplings. Such models are usually denoted by HUVC (Higgs UV Completion).
The main results of our investigation in this part of the thesis are lower bounds on masses
of flavor messengers coming from the assumptions of perturbativity and unification of gauge
coupling constants. We obtain analytic 1-loop results and numeric 2-loop results. For two
very specific models with SU(3) flavor symmetry, we include Yukawa coupling constants in
the RGE system. The RGE equations solved numerically in these two models are 2-loop for
gauge coupling constants and 1-loop for Yukawa coupling constants. We show that 2-loop
constraints are always stronger than 1-loop ones in all considered models.
In the second part of the thesis, we embed a theory with Z ′ gauge boson (related to extra
U(1) gauge group) into a supersymmetric GUT theory based on SO(10) gauge group. Two
1
possible sequences of SO(10) breaking via VEVs of appropriate Higgs fields are considered.
Gauge coupling unification provides constraints on low energy values of two additional gauge
coupling constants related to Z ′ interactions with fermions. Our main purpose is to investi-
gate in detail the freedom in these two values due to different scales of subsequent SO(10)
breaking and unknown threshold mass corrections in the gauge RGEs. These corrections are
mainly generated by Higgs representations and can be large because of the large dimensions
of these representations. To account for many free mass parameters, effective threshold
mass corrections have been introduced. Analytic results that show the allowed regions of
values of two additional gauge coupling constants have been derived at 1-loop level. For a
few points in parameter-space that belong to one of these allowed regions 1-loop running
of gauge coupling constants has been compared with more precise running, which is 2-loop
for gauge coupling constants and 1-loop for Yukawa coupling constants. 1-loop results have
been compared with experimental constraints from electroweak precision tests and from the
most recent LHC (Large Hadron Collider) data. It appears that in the set of theories that
can be embedded into GUTs with the SO(10) gauge group, the lower bound on the Z ′ mass
is close to 2 TeV (Teraelectronovolts).
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